Introduction
Tooth ankylosis is an anomalous eruption characterized by localized fusion of cementum and surrounding alveolar bone with obliteration of the periodontal ligament. It is apparently caused by mechanical, thermal or metabolic trauma to the periodontal membrane during or after tooth eruption [1] . Traumatic dental injuries, especially avulsion of teeth may cause tooth ankylosis [2] [3] . An ankylosed tooth is immobile and frequently infraoccluded with a high metallic percussion tone. Radiographically, tooth ankylosis is characterized by the absence of periodontal ligament space and continuous replacement of root substance with bone until little or no tooth substance remains.
An impacted and ankylosed tooth in infraocclusion may compromise the function and facial esthetic of the patient. Thus, several treatment modalities have been advocated for the management of an impacted and ankylosed tooth comprising extraction and prosthetic rehabilitation, surgical luxation of the tooth followed by orthodontic traction or dentoalveolar segmental osteotomy followed by dentoalveolar distraction or conventional orthodontic treatment. However, extraction of an ankylosed tooth often leads to a huge bony defect, which may need bone augmentation with autogenous bone graft from the mandibular ramus or iliac crest [4] . Moreover, dentoalveolar segmental osteotomy followed by dentoalveolar distraction will require patient cooperation and increase the total treatment time and cost. Consequently, single-tooth segmental osteotomy with immediate placement of the segment in the correct dental position will from a clinical perspective be an advantage, since the total treatment time and morbidity will be decreased.
The purpose of this case report is to describe the treatment of an impacted and ankylosed upper maxillary canine using segmental osteotomy with immediate repositioning of the tooth and to summarize the current knowledge about this treatment modality.
Case Report
A 55-year-old female was referred by her orthodontist due to an impacted and ankylosed maxillary upper left canine. Due to obvious clinical and radiographic signs of ankylosis, no attempt was made to align the upper left maxillary canine. Instead prior orthodontic treatment intended to created space for later extraction of the ankylosed tooth followed by implant placement and prosthetic rehabilitation. The patient had no history of dental trauma injury and was in good general health with no allergies or medication.
Clinical examination showed full-fixed orthodontic appliance with brackets and archwires in both upper and lower jaw. The upper left maxillary canine was partially erupted and infraoccluded compared to the adjacent lateral incisor (Figure 1) . The tooth was asymptomatic with an ankylotic metallic percussion tone. There was no clinical sign of discoloration and the canine showed positive response to electric pulp test.
Panoramic and intraoral periapical radiographs of the maxillary upper left canine revealed bony impaction with lack of periodontal ligament. There was no apical pathology and sufficient interradicular space between the adjacent teeth (Figure 2) . In collaboration with the orthodontist we decided to make a dentoalveolar segmental osteotomy with immediate repositioning of the tooth in neutral canine relation. The surgical procedure was performed in general anesthesia with a nasotracheal intubation. A vestibular incision was made in the unattached mucosa from the left maxillary incisor to the left second premolar. The mucoperiosteum was reflected exposing the anterior maxilla. A vertical osteotomy was made mesial and distal for the left maxillary canine with fissure bur. The two vertical osteotomies were combined with a horizontal osteotomy 5 mm above the root apex of the impacted canine. The osteotomy was completed with a chisel and the dentoalveolar segment was separated from the maxilla. The dentoalveolar segment including the left maxillary canine was mobilized and bonded to the orthodontic arch in the correct dental arch position (Figure 3) . The wound was closed with sutures. The healing was uneventful and sutures were removed after one week. Further active orthodontic treatment was initiated to finalize the occlusion.
Orthodontic appliance were removed one year after surgery. Clinical and radiographic examination revealed a satisfying esthetic outcome with a neutral canine relation and no radiographic pathology, 18 months after surgery (Figure 4 and Figure 5 ). 
Discussion
Treatment of a 55-year-old woman with an impacted an ankylosed upper maxillary canine using dentoalveolar segmental osteotomy with immediate repositioning of the tooth was described in the present case report. An autogenous bone block including the ankylosed canine was released and replanted in the correct position where it was fixed to the orthodontic appliance during healing. The orthodontic alignment was finalized and the ankylosed canine showed no clinical or radiographic pathology after 18 months.
Dentoalveolar segmental osteotomy with immediate repositioning of the tooth or the bony segment has been used in combination with other surgical procedures including orthognatic surgery [5] - [17] . However, a review of the English literature has disclosed only four published case reports solely using dentoalveolar segmental osteotomy with immediate repositioning of the tooth as a treatment option for impacted and ankylosed teeth (Table 1). This treatment modality has only been reported for ankylosed teeth in the maxilla demonstrating satisfying short-term clinical and radiographic results comprising normal pulpal vitality and a good esthetic and functional occlusion [18] - [21] .
All four cases describes repositioning in the region of the maxillary central incisors. Single-tooth osteotomy of one incisor was reported twice [18] [20] , while repositioning of a dentoalveolar bone block consisting of both the right and left maxillary central incisor was reported once [21] . Moreover, dentoalveolar segmental osteotomy including an osseointegrated dental titanium implant has also been used for immediate repositioning of an infraoccluded single crown in the region of right central incisor [19] .
Different techniques have been used to fixate the repositioned dentoalveolar segment [18] - [21] . In our case, we placed a bracket on the ankylosed tooth and ligated the mobilized tooth and dentoalveolar segment to the orthodontic appliance. Medeiros and al. used a similar technique [18] , while Chae et al. additionally used a miniplate to fixate the apical part of the dentoalveolar segment in the correct position [20] . A prefabricated splint and a removable partial denture have also been used to stabilized the ankylosed tooth in the correct dental arch position [19] [21] . Moreover, autogenous bone graft has been used to fill the gap between the mobilized dentoalveolar segment and the maxilla [20] [21] .
The follow-up time was not reported in all cases, but varied between 9 and 18 months, respectively [18] - [21] . The follow-up time in our case was 18 months and the functional and esthetic result seems to been in accordance with the previous published case reports.
A single-tooth osteotomy with immediate placement of the impacted and ankylosed tooth in correct dental arch position seems to be a good treatment modality in selected cases compared to other treatment solutions for impacted and ankylosed teeth. However, long-term studies with larger patient samples are needed before final conclusions can be provided about the treatment outcome of dentoalveolar segmental osteotomy combined with orthodontic treatment for impacted and ankylosed teeth. Combined dentoalveolar segmental osteotomy and orthodontic distraction osteogenesis has previously been reported for impacted and ankylosed teeth with good functional and esthetic results [5] - [15] [17] . However, long-term studies involving larger patient samples are missing. Dentoalveolar distraction offers the advantage of being capable of enhancing both hard and soft tissue simultaneously and minimize the need for bone grafting of substantial osteotomy gab. Consequently, combined dentoalveolar segmental osteotomy and orthodontic distraction osteogenesis should be used for severely impacted and ankylosed teeth, especially in the esthetic zone. However, dentoalveolar segmental osteotomy followed by orthodontic distraction osteogenesis is time consuming, expensive, requires patient compliance and poses difficulties to control the vector of the dentoalveolar segment. Therefore, dentoalveolar segmental osteotomy with immediate repositioning of the tooth is recommended for minor impacted and ankylosed teeth while dentoalveolar segmental osteotomy followed by orthodontic distraction should be used for severely impacted ankylosed teeth in the esthetic zone.
Conclusion
Dentoalveolar segmental osteotomy with immediate repositioning of the impacted and ankylosed tooth in correct dental arch position seems to be a viable treatment option for minor impacted and ankylosed teeth.
